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Background

Evidence bearing on the efficacy of tandem autologous hematopoietic transplant (AHCT) vs a single AHCT
in patients with multiple myeloma (MM) is conflicting. We performed a systematic review and metaanalysis to synthesize the existing evidence related to the effectiveness of tandem vs single AHCT in
patients with MM.

Methods

We searched Medline, conference proceedings, and bibliographies of retrieved articles and contacted
experts in the field to identify randomized controlled trials (RCTs) reported in any language that compared
tandem with single AHCT in patients with MM through March 31, 2008. Endpoints were overall survival
(OS), event-free survival (EFS), response rate, and treatment-related mortality (TRM). Data were pooled
under a random-effects model.

Results

Six RCTs enrolling 1803 patients met the inclusion criteria. Patients treated with tandem AHCT did not
have better OS (hazard ratio [HR] for mortality for patients treated with tandem transplant vs single transplant = 0.94; 95% confidence interval [CI] = 0.77 to 1.14) or EFS (HR = 0.86; 95% CI = 0.70 to 1.05). Response
rate was statistically significantly better with tandem AHCT (risk ratio = 0.79, 95% CI = 0.67 to 0.93), but
with a statistically significant increase in TRM (risk ratio = 1.71, 95% CI = 1.05 to 2.79). There was statistically significant heterogeneity among RCTs for OS and EFS.

Conclusion

In previously untreated MM patients, use of tandem AHCT did not result in improved OS or EFS. We conclude that tandem AHCT is associated with improved response rates but at risk of clinically significant
increase in TRM.
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Autologous hematopoietic cell transplantation (AHCT) after
high-dose chemotherapy has been the predominant treatment for
patients with multiple myeloma (MM) who are considered transplant candidates (1). The role of AHCT in the management of
MM has been evaluated in several randomized controlled trials
(RCTs) that initially indicated a survival advantage with AHCT
over conventional treatment (2,3). However, a recent systematic
review and meta-analysis of RCTs showed a beneficial outcome
for event-free survival (EFS), but not for survival associated with
single AHCT, relative to conventional treatment (4).
Building on the initial success of single AHCT, a more intense
approach using tandem AHCT was proposed to lead to further
improvements in therapeutic outcomes (5). The ﬁrst RCT published in 2003 by Attal et al. (6) reported that tandem AHCT
improved overall survival (OS) and EFS in patients with MM.
Subsequently, several RCTs have assessed the efﬁcacy of tandem
autologous transplants vs a single transplant in patients with MM
(7,8). The results from these RCTs were conﬂicting. Because decision making should not depend on the results from selective trials,
we conducted a systematic review and meta-analysis to comprehensively assess the existing evidence related to the relative beneﬁts
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and harms of tandem AHCT vs single AHCT in patients with
previously untreated MM.
We used the comprehensive search strategies described by
Dickersin et al. (9) to identify all relevant RCTs through March
31, 2008, in the Medline (PubMed) electronic database. We also
performed manual searches of abstracts from the annual meetings
of the American Society of Hematology (1993–2007), American
Society for Clinical Oncology (1993–2007), proceedings of the
International Myeloma Foundation Workshops (2003–2007), and
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the European Hematology Association (1993–2007) to identify
potential RCTs. In addition, experts in the ﬁeld were contacted to
identify unpublished data in this subject area. No search limits
were applied on the basis of language. Studies were included if they
were prospective RCT comparing tandem AHCT vs single AHCT
in patients with previously untreated MM and reported OS and/or
EFS, response rates, and treatment-related mortality (TRM) on an
intention-to-treat basis.
Two reviewers (A. Kumar and B. Djulbegovic) independently
screened the titles and abstracts of all identiﬁed studies to assess
their eligibility for inclusion. These reviewers extracted data on
beneﬁts (in terms of OS, EFS, and response rate) and harms (as
reﬂected by TRM) of the two treatments. We also extracted data
on the methodological domains relevant to minimizing bias and
random error (namely, generation of allocation sequence, description of dropouts, and analysis on an intention-to-treat basis) in the
conduct and analysis of the trials (10,11). There were no discrepancies in data extraction between the reviewers.
To compare tandem AHCT with single AHCT, both time-toevent (OS and EFS) and dichotomous data (response rate and
TRM) were pooled and reported as hazard ratios and risk ratios
(12), respectively, using a 95% conﬁdence interval (CI) under a
random-effects model (13). If time-to-event data were unavailable
for direct extraction, we extracted data according to the method
described by Parmar et al. (14). This method allows calculation of
the hazard ratio from different parameters using indirect calculation of the variance and the number of observed minus expected
events. We tested for heterogeneity using the 2 (13) and I 2 (15)
tests. The possibility of publication bias was also assessed using the
Begg and Egger funnel plot method (16,17). The meta-analysis
was performed using Review Manager Version 5 for Windows
software (18). The work was performed and reported according to
the guidelines for Quality of Reporting of Meta-analyses (19). All
statistical tests were two-sided (18).
Figure 1 outlines the process of identifying and selecting
relevant studies to be included in the systematic review. The
initial search yielded 419 citations, of which six were RCTs that
compared tandem AHCT vs single AHCT in patients with MM
(6–8,20–22). These trials enrolled a total of 1803 patients. Four of
the six RCTs were reported in full (6–8,22), and the remaining two
were reported as meeting abstracts (20,21).
We characterized the studies according to a set of factors
that reﬂected their methodological rigor (Table 1). Overall, the
studies were of good quality in that they were prospective randomized trials of adequate power, performed centralized assignment to treatments (ie, adequate allocation concealment), had
sufﬁcient description of dropouts, and analyzed on an intent-totreat basis. The Begg and Egger funnel plot for the outcomes of
OS (P = .198) showed a symmetric distribution indicating no
publication bias.
For the primary endpoints of OS and EFS, data were available
from all RCTs. For response rate, data were extractable from
four RCTs. In two RCTs, the number of observed minus
expected events and the variance were derived using the numbers
of events in the experimental and control arms and the P values
(6,8). In the remaining four RCTs, these quantities were calculated from the OS or EFS curve or the reported median survival
jnci.oxfordjournals.org

CONT E XT AND CAVE AT S
Prior knowledge
Evidence from randomized controlled trials as to the relative efficacy of single vs tandem autologous hemopoietic cell transplantation in improving outcomes for patients with multiple myeloma
was conflicting.
Study design
Meta-analysis in which overall survival (OS) and event-free survival (EFS) and response rate and treatment-related mortality
(TRM) were pooled and reported as hazard ratios and risk ratios,
respectively, using a random-effects model.
Contribution
The sum of the trial evidence did not suggest that OS or EFS was
improved in patients who received tandem transplantation. Tandem
transplantation improved response rates but led to increased
TRM.
Implications
Routine use of tandem transplantation to treat patients with multiple myleloma is not justified.
Limitations
The study did not have access to individual patient data that may
have helped to identify subgroups of patients who might benefit
from tandem transplantation.
From the Editors

in the experimental and control arm and the associated P values
(7,20,22,23).
The pooled results for OS showed no statistically signiﬁcant
beneﬁt with the use of tandem AHCT (Figure 2). The hazard ratio
for OS for patients treated with tandem transplant vs single transplant was 0.94 (95% CI = 0.77 to 1.14; P = .533; Figure 2).
Similarly, for EFS, the hazard ratio for tandem transplant vs single
transplant was 0.86 (95% CI = 0.70 to 1.05; P = .14; Figure 2)
indicating no statistically signiﬁcant beneﬁt with the use of tandem
AHCT. The response rate was statistically signiﬁcantly better with
tandem AHCT (risk ratio = 0.79, 95% CI = .0.67 to 0.93; P = .004;
Figure 3). There was also statistically signiﬁcant heterogeneity
among trials in the estimates for OS and EFS (heterogeneity
2 = 11.66, P = .04, and heterogeneity 2 = 13.16, P = .02, for OS
and EFS, respectively).
For the outcome of TRM, data were extractable from all but
one RCT (21). The use of tandem AHCT was associated with a
statistically signiﬁcant increase in TRM (risk ratio = 1.71, 95%
CI = 1.05 to 2.79; P = .03; Figure 3). Heterogeneity across all studies for TRM was not statistically signiﬁcant (heterogeneity
2 = 1.40, P = .845).
We conducted sensitivity analysis to identify the reasons for the
presence of heterogeneity for the outcomes of OS and EFS. In all
included RCTs, random assignment was strictly to tandem vs single AHCT without maintenance or any other supportive therapies.
However, in the trial by Abdelkeﬁ et al. (22), random assignment
was to single transplant plus maintenance therapy with thalidomide or tandem transplant. When the RCT by Abdelkeﬁ et al. was
excluded from the meta-analysis, the statistically signiﬁcant
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Figure 1. Flow diagram showing the process of identifying and selecting relevant
studies.

heterogeneity disappeared for both outcomes. Excluding this study
from the overall analysis did not result in a statistically signiﬁcant
difference between single and tandem AHCT for the outcome of
OS (HR for tandem vs single AHCT = 0.89, 95% CI = 0.76 to
1.04, P = .16). However, exclusion of the study by Abdelkeﬁ et al.
(22) resulted in a statistically signiﬁcant change in the hazard ratio
for EFS (HR for tandem vs single AHCT = 0.79, 95% CI = 0.70,
0.89, P < .001) favoring tandem transplant.
Additional sensitivity analyses according to publication type
(abstract vs full text) or reporting of sample size calculations
(reported vs not) did not have any effect on the outcomes of OS
and EFS. The hazard ratio for OS for patients treated with tandem
transplant vs single transplant was 0.89 (95% CI = 0.66 to 1.99) in
studies that did not report sample size calculations or reported as
abstracts and 0.99 (95% CI = 0.74 to 1.33) in trials that reported
these calculations and were reported in full. Similarly, the hazard
ratio for EFS for patients treated with tandem transplant vs single
transplant was 0.92 (95% CI = 0.73 to 1.15) in studies that did not
report sample size calculations or published as abstracts vs 0.84
(95% CI = 0.63 to 1.11) in trials that reported them and were
published as full text. There was no statistically signiﬁcant heterogeneity among the compared subgroups.
Despite controversy as to the effectiveness of AHCT for MM,
this disease is the most common indication for which single
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AHCT is used. Since the introduction of the concept of tandem
AHCT by Barlogie et al. (5,24), there have been six RCTs performed that compared tandem and single AHCT (6–8,20–22). Our
synthesis of data from these trials suggests that tandem AHCT
does not result in improved OS or EFS as originally reported in
the ﬁrst trial. The available data do demonstrate improvement in
response rates with use of tandem AHCT, but at the expense of a
statistically signiﬁcant increase in transplant-associated mortality
with the tandem approach.
However, caution should be exercised when interpreting the
results of our meta-analysis. First, two of the RCTs (20,21) did not
report response rates, raising the possibility that response rates for
the two approaches may not have been different. Second, failure to
report TRM in one trial (21) may indicate that deaths associated
with tandem transplant may have been worse than expected.
Finally, EFS was a composite outcome in all the RCTs and was not
uniformly reported among trials.
For the four RCTs that were published as complete reports,
EFS deﬁnitions were available (6–8,22). The trials by Attal et al.
(6) and Abdelkeﬁ et al. (22) calculated the EFS from the day of
random assignment to the time to progression, relapse, or death
(the latter trial also used thalidomide maintenance in the single
AHCT arm). However, in their trial, Sonneveld et al. (8) calculated EFS from the day of assignment until the determination of
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Table 1. Characteristics of randomized controlled trials that have assessed the efficacy of tandem transplant vs single transplant in treatment of multiple myeloma*

Figure 2. Forest plot of overall survival and event-free survival with tandem vs single transplant for myeloma. The summary effect estimate (hazard
ratio) for individual randomized controlled trials are indicated by black rectangles (the size of the rectangle is proportional to the study weight),
with the lines representing 95% conﬁdence intervals (CIs). The overall summary effect estimate (hazard ratio) and 95% conﬁdence interval are
indicated by the diamond below. *The numbers of events are estimates and not the exact number of events.

the absence of at least a partial response after treatment with highdose melphalan, progression or relapse after previous response, or
death without progression, whichever came ﬁrst. The RCT by
Cavo et al. (7) calculated the EFS from the start of therapy to the
date of relapse or progression or death from any cause. The deﬁnition of EFS is important because ﬁndings of statistically signiﬁcant

effects based on composite measures (25) may be entirely due to
outcomes that are not important to patients, such as increase in the
value of monoclonal protein. Indeed, all trials in our analysis
included laboratory-based outcomes in their endpoint deﬁnitions
for EFS. More important outcomes for patients are clinical outcomes such as end stage organ damage (26) or survival.

Figure 3. Forest plot of response rate and treatment-related mortality with tandem vs single transplant for myeloma. The summary effect estimate
(risk ratio) for individual randomized controlled trials are indicated by black rectangles (the size of the rectangle is proportional to the study
weight), with the lines representing 95% conﬁdence intervals (CIs). The overall summary effect estimate (risk ratio) and 95% conﬁdence interval
are indicated by the diamond below.
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The ﬁrst RCT by Attal et al. (6) also indicated that tandem
transplant may not beneﬁt all patients equally. The authors concluded that tandem transplant is particularly beneﬁcial in patients
younger than 60 years who have had a suboptimal response to a
single transplant. Others have argued that other biologic and
genomic risk factors such as deletion of the short arm of chromosome 1 (del 1p) (27,28), hypodiploidy (29), t(4;14) (30), and p53
deletion (31) may be even more important in the assessment of
therapeutic effects in myeloma. However, none of the studies that
compared single and tandem AHCT stratiﬁed patients according
to these biologic and genomic risk factors that are proposed to
affect prognosis of patient with MM. Therefore, it is not known if
a beneﬁt in terms of OS may exist in a subgroup of patients with
tandem AHCT or if a survival beneﬁt might emerge as strategies
to reduce TRM are improved. Collecting individual patient data
from all trials to conduct individual patient data meta-analysis may
provide additional answers with respect to identiﬁcation of the
subgroup of patients that may beneﬁt from tandem transplant (32).
Unfortunately, individual patient data were not available to us.
In conclusion, based on the synthesis of all currently available
data, the routine use of tandem transplant in its current form is not
justiﬁed.
References
1. Anderson KC, Alsina M, Bensinger W, et al. Multiple myeloma. Clinical
practice guidelines in oncology. J Natl Compr Canc Netw. 2007;5(2):
118–147.
2. Attal M, Harousseau JL, Stoppa AM. A prospective, randomized trial of
autologous bone marrow transplantation and chemotherapy in multiple
myeloma. N Engl J Med. 1996;335(2):91–97.
3. Fermand J, Ravaud P, Chevret S. High-dose therapy and autologous
peripheral blood stem cell transplantation in multiple myeloma: up-front
or rescue treatment? Results of a multicenter sequential randomized clinical trial. Blood. 1998;92(9):3131–3136.
4. Koreth J, Cutler CS, Djulbegovic B, et al. High-dose therapy with
single autologous transplantation versus chemotherapy for newly
diagnosed multiple myeloma: a systematic review and meta-analysis of
randomized controlled trials. Biol Blood Marrow Transplant. 2007;13(2):
183–196.
5. Barlogie B, Jagannath S, Vesole DH, et al. Superiority of tandem autologous transplantation over standard therapy for previously untreated multiple myeloma. Blood. 1997;89(3):789–793.
6. Attal M, Harousseau JL, Facon T, et al. Single versus double autologous
stem-cell transplantation for multiple myeloma. N Engl J Med. 2003;
349(26):2495–2502.
7. Cavo M, Tosi P, Zamagni E, et al. Prospective, randomized study of single
compared with double autologous stem-cell transplantation for multiple
myeloma: Bologna 96 clinical study. J Clin Oncol. 2007;25(17):
2434–2441.
8. Sonneveld P, van der Holt B, Segeren CM, et al. Intermediate-dose melphalan compared with myeloablative treatment in multiple myeloma:
long-term follow-up of the Dutch Cooperative Group HOVON 24 trial.
Haematologica. 2007;92(7):928–935.
9. Dickersin K, Scherer R, Lefebvre C. Identifying relevant studies for systemic reviews. Br Med J. 1994;309(6964):1286–1291.
10. Altman DG, Schulz KF, Moher D, et al. The revised CONSORT statement for reporting randomized trials: explanation and elaboration. Ann
Intern Med. 2001;134(8):663–694.
11. Juni P, Altman DG, Egger M. Systematic reviews in health care:
Assessing the quality of controlled clinical trials. Br Med J. 2001;323(7303):
42–46.
12. Egger M, Smith GD, Altman D. Systematic Reviews in Health Care. Metaanalysis in Context. 2nd ed. London: BMJ; 2001.
jnci.oxfordjournals.org

13. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials. 1986;7(3):177–188.
14. Parmar MKB, Torri V, Stewart L. Extracting summary statistics to perform meta-analyses of the published literature for survival endpoints. Stat
Med. 1998;17:2815–2834.
15. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. Br Med J. 2003;327(7414):557–560.
16. Begg CB, Mazumdar M. Operating characteristics of a rank correlation
test for publication bias. Biometrics. 1994;50(4):1088–1101.
17. Egger M, Smith DG, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. Br Med J. 1997;315:629–634.
18. RevMan. Review Manager. In: 5 for Windows ed. Copenhagen, Denmark:
The Nordic Cochrane Center, The Cochrane Collaboration; 2008.
19. Moher D, Cook D, Eastwood S, Olkin I, Rennie D, Stroup S. Improving
the quality of reports of meta-analyses of randomised controlled trials: the
QUOROM statement. Lancet. 1999;354:1896–1900.
20. Goldschmidt H. Single vs. double HDT in multiple myeloma. Paper
presented at XIth International Myeloma Workshop; June 28, 2007; Kos,
Greece.
21. Fermand J, Alberti C, Marolleau J. Single versus tandem high dose therapy (HDT) supported with autologous blood stem cell (ABSC) transplantation using unselected or CD34-enriched ABSC: results of a two by two
designed randomized trial in 230 young patients with multiple myeloma
(MM). Paper presented at Xth International Myeloma Foundation
Workshop; April 10–14, 2005; Sydney, Australia.
22. Abdelkeﬁ A, Ladeb S, Torjman L, et al. Single autologous stem-cell transplantation followed by maintenance therapy with thalidomide is superior
to double autologous transplantation in multiple myeloma: results of a
multicenter randomized clinical trial. Blood. 2008;111(4):1805–1810.
23. Fermand J, Alberti C, Marolleau J. Single versus tandem high dose therapy (HDT) supported with autologous blood stem cell (ABSC) transplantation using unselected or CD34-enriched ABSC: results of a two by two
designed randomized trial in 230 young patients with multiple myeloma
(MM). Hematol J. 2003;4(suppl 1):S59. Abstract P 10.2.2.
24. Barlogie B, Jagannath S, Desikan KR, et al. Total therapy with tandem
transplants for newly diagnosed multiple myeloma. Blood. 1999;93(1):
55–65.
25. Montori VM, Permanyer-Miralda G, Ferreira-Gonzalez I, et al. Validity
of composite end points in clinical trials. Br Med J. 2005;330(7491):
594–596.
26. International Myeloma working Group. Criteria for the classiﬁcation of
monoclonal gammopathies, multiple myeloma and related disordersa
report of the International Myeloma Working Group. Br J Haematol.
2003;121(5):749–757.
27. Wu KL, Beverloo B, Lokhorst HM, et al. Abnormalities of chromosome
1p/q are highly associated with chromosome 13/13q deletions and are an
adverse prognostic factor for the outcome of high-dose chemotherapy in
patients with multiple myeloma. Br J Haematol. 2007;136(4):615–623.
28. Qazilbash MH, Saliba RM, Ahmed B, et al. Deletion of the short arm of
chromosome 1 (del 1p) is a strong predictor of poor outcome in myeloma
patients undergoing an autotransplant. Biol Blood Marrow Transplant.
2007;13(9):1066–1072.
29. Smadja NV, Bastard C, Brigaudeau C, Leroux D, Fruchart C. Hypodiploidy
is a major prognostic factor in multiple myeloma. Blood. 2001;98(7):
2229–2238.
30. Gutierrez NC, Castellanos MV, Martin ML, et al. Prognostic and
biological implications of genetic abnormalities in multiple myeloma
undergoing autologous stem cell transplantation: t(4;14) is the most
relevant adverse prognostic factor, whereas RB deletion as a unique
abnormality is not associated with adverse prognosis. Leukemia.
2007;21(1):143–150.
31. Chang H, Qi C, Yi QL, Reece D, Stewart AK. p53 gene deletion detected
by ﬂuorescence in situ hybridization is an adverse prognostic factor for
patients with multiple myeloma following autologous stem cell transplantation. Blood. 2005;105(1):358–360.
32. Lambert PC, Sutton AJ, Abrams KR, Jones DR. A comparison of individual patient data meta-analysis with the use of summary patient-level
covariates in meta-regression. Cochrane. 2001;1:op022.
JNCI

|

Articles 105

Notes
A. Kumar and B. Djulbegovic conceptualized and designed the study. They
also participated in the collection, analysis, and interpretation of data. A.
Kumar and B. Djulbegovic along with A. Glasmacher and M. A. KharfanDabaja jointly drafted the article and critically revised it for intellectual

106 Articles

|

JNCI

content. There was no funding for this work, which was supported internally by Moffitt Cancer Center. All authors have no financial disclosures
to make.
Manuscript received April 30, 2008; revised September 5, 2008; accepted
October 30, 2008.

Vol. 101, Issue 2

|

January 21, 2009

